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ABSTRACT 



Purpose: The aim of this in vitro study was to determine the sensitivity and specificity of cone-beam computed tomo- 
graphy (CBCT) and digital periapical radiography in the detection of mesial root perforations of mandibular molars. 
Materials and Methods: In this in vitro study, 48 mandibular molars were divided into 4 groups. First, the mesial 
canals of all the 48 teeth were endodontically prepared. In 2 groups (24 teeth each), the roots were axially perforated 
in the mesiolingual canal 1-3 mm below the furcation region, penetrating the root surface ("root perforation"). Then, 
in one of these 2 groups, the mesial canals were filled with gutta-percha and AH26 sealer. Mesial canals in one of 
the other 2 groups without perforation (control groups) were filled with the same materials. The CBCT and periapi- 
cal radiographs with 3 different angulations were evaluated by 2 oral and maxillofacial radiologists. The specificity 
and sensitivity of the two methods were calculated, and P<0.05 was considered significant. 

Results: The sensitivity and specificity of CBCT scans in the detection of obturated root canal perforations were 79% 
and 96%, respectively, and in the case of three-angled periapical radiographs, they were 92% and 100%, respectively. 
In non-obturated root canals, the sensitivity and specificity of CBCT scans in perforation detection were 92% and 
100%, respectively, and for three-angled periapical radiographs, they were 50% and 96%, respectively. 
Conclusion: For perforation detection in filled-root canals, periapical radiography with three different horizontal 
angulations would be trustworthy, but it is recommended that CBCT be used for perforation detection before obtu- 
rating root canals. (//wag^jMg^ Sci Dent 2014; 44: 115-9) 
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Introduction 

Perforations are unfortunate complications that occur in 
the course of endodontic treatment even for the most skill- 
ed clinicians.' According to previous studies, 2-12% of 
endodontically treated teeth have iatrogenic perforations.^ 
Most of these perforations occur in mandibular molars due 
to root curvatures and canal positions.^ 

A definite diagnosis of perforations in endodontically 
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treated teeth is important, and timely detection of perfora- 
tions will aid in selecting appropriate therapy, minimizing 
bone loss, and predicting prognosis.'^ 

Periapical radiography has certain benefits for the diag- 
nosis, treatment, and follow-up of patients. Multi-angled 
radiography plays an important role in detecting perfora- 
tions.^ However, this technique cannot estimate the true 
size, location, and aspects of a lesion because of the com- 
pression of the 3-dimensional structure into a 2-dimensio- 
nal image, overlapping anatomic structures, and the beam 
angle of the rays.'' Cone-beam computed tomography 
(CBCT) has been recently introduced as a valuable diag- 
nostic tool in the following stages of endodontic treatment: 
characterizing the periapical lesion and its healing process,"" 
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diagnosing dentoalveolar and vertical root fractures/"' 
characterizing root canal anomalies and root curvatures,^ 
assessing root resorption defects and differential diagno- 
sis of the internal and external root resorption,^ '" and detect- 
ing broken endodontic instruments, calcified or additional 
roots, and canal perforations.^ 

According to Shemesh et al,^ CBCT showed a higher 
accuracy in detecting root perforations than digital periapi- 
cal radiography. Also, Kamburoglu et al" reported that 
CBCT was better at detecting vertical root fractures than 
intraoral digital radiography. 

The aim of this study was to evaluate and compare CBCT 
with digital periapical radiography for detecting mesial 
root perforations in mandibular molars before and after 
canal obturation. 

Materials and Methods 

In this in vitro study, 48 human first and second mandi- 
bular molars were selected and stored in sodium chloride 
(0.9%) before laboratory procedures. All these teeth were 
sound and had 2 canals in their mesial root. Also, there 
was no significant difference in the mesial root curvature. 
The mesial root curvature was measured using Schneider's 
method.'^ In brief, the first line was drawn parallel to the 
long axis of the canal, and then, the second line was drawn 
from the apical foramen to intersect with the first line at 
the point where the canal began to leave the long axis to 
the tooth. Then, the teeth were divided into 4 groups, each 
containing 12 teeth. 

Digital periapical radiographs were taken with a fixed 
X-ray unit (Soredex, Helsinki, Finland) and #2-size image 
plate (Digora PCT, Soredex, Helsinki, Finland) using a 
parallel technique with the exposure parameters set as 
follows: at 60 kVp tube voltage, 7 mA tube current, and 
0.2 s exposure time. 

In all 4 groups, both mesial canals were prepared. In this 
study, a mesiolingual canal was selected for perforation 
due to its prominent curvature. The groups were as follows: 
Group A: strip perforation of the mesiolingual canal and 
obturation of both mesial canals; Group B: no strip per- 
foration of the mesiolingual canal and obturation of both 
mesial canals; Group C: strip perforation of the mesiolin- 
gual canal and no obturation of the mesial canals; and 
Group D: no strip perforation of the mesiolingual canal 
and no obturation of the mesial canals. 

Canal preparation 

The length of the mesial canal was measured using a No. 



10 K-file. When the tip of this file was seen at the root 
apex, the length of the file was measured and the working 
length was considered to be 1 mm less than this measure- 
ment. The mesial canals were prepared with No. 15, No. 
20, and No. 25 K-files. The coronal 1/3 of the mesial can- 
als was prepared by No. 2 and No. 3 Gates Glidden (Dense- 
ly, Switzerland). Thereafter, the two mesial canals were 
prepared with System GT rotary instruments (NSK, Tokyo, 
Japan) at 300 rpm using a torque-control motor with S 1 , 
S2, Fl, and F2 Protaper endodontic files (Dentsply, York, 
PA, USA) according to the manufacturer's instructions. 
The last file used was a No. 30 Mtwo (VDW, Munich, 
Germany) with a taper of 0.05. 

Each canal was repeatedly irrigated with a freshly pre- 
pared 2% solution of sodium hypochlorite (NaOCl) using 
a syringe and a 27-gauge needle (12 mL for each canal). 
After completion of the procedure, the canals were rinsed 
with 12 mL of distilled water. 

Root Perforation 

For root perforation, a No. 2 Gates Glidden (Dentsply, 
York, PA, USA), cutting in from the best diameter achiev- 
ed using a diamond fissure bur, was rotated in an axial 
direction within the canal, penetrating through the root at 
1-3 mm below the furcation in order for a No. 25 K-file to 
pass through the defect passively. 

All root canals were dried using three size 30 paper 
points. AH 26 sealer (Dentsply, York, PA, USA) was 
mixed according to the manufacturer's instructions and 
introduced into the canal on two occasions, for 5 s each, 
by using a Lentulo spiral. Standard size 30 gutta-percha 
cones with a 0.02 taper were coated with the sealer and 
placed into the root canal. The roots were filled using the 
lateral condensation technique with a size B spreader and 
standard size 20 gutta-percha cones. The roots were coat- 
ed with one layer of dental wax to simulate periodontal 
ligament and then mounted using the same amounts of 
plaster and sawdust. 

Radiographic tecliniques 

Digital periapical radiographs were taken with a fixed 
X-ray unit (Soredex, Helsinki, Finland) and a size 2 phos- 
phor plate (Digora PCT, Soredex, Helsinki, Finland) with 
a parallel technique and three horizontal angles including 
the direct angle, 10° mesially, and 10° distally. The imag- 
ing parameters were set at 60 kVp tube voltage, 7 mA tube 
current, and 0.2 s exposure time. The pixel size of the image 
was 85-167 [im, and the image resolution was 6-8 line pair 
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(LP)/mm. 

CBCT scans were then taken with a Cranex 3D System 
(Soredex, Helsinki, Finland) having a field of view (FOV) 
of 6 cm X 8 cm; the imaging parameters were as follows: 
89 kVp tube voltage, 6 mA tube current, and 130 \im voxel 
size high-resolution. The CBCT images, including the axial, 
coronal, sagittal, and multiplanar reconstruction images 
with a slice thickness of 0.1 mm and an interval of 0.1 mm, 
were reviewed in the three reconstruction planes. Two 
observers who were oral and maxillofacial radiologists 
were calibrated; they examined the images separately by 
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Figure 1 . Periapical radiograplis and cone-beam CT scans stiow 
Ihe groups of perforated root canals with obturation and no obtu- 
ration, and the control group. 



using a monitor (LG Flatron 18.5-inch, Seoul, Korea) in a 
low-lit room. They graded their observations as 'perfora- 
tion', 'no perforation', or 'questionable' (Fig. 1). 

The overall agreement among the observers was calcu- 
lated using Cohen's kappa. The data were analyzed using 
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The 
sensitivity, specificity, negative predictive value, positive 
predictive value, and likelihood ratio (LR-I-, LR — ) with a 
confidence interval (CI 95%) of both CBCT scans and 
periapical radiographs for the detection of the perforations 
were calculated. The test was used to compare between 
CBCT scans and periapical radiographs. P<0.05 was 
considered significant. 

Results 

Tables 1 and 2 show the sensitivity, specificity, positive 
predictive value, negative predictive value, positive likeli- 
hood ratio, and negative likehhood ratio of the CBCT scans 
and periapical radiographs for the detection of the root 
perforations. 

CBCT revealed higher sensitivity than periapical radio- 
graphs, and both of them showed the same desirable speci- 
ficity (98%) (Table 1). Seventeen of the 24 perforated teeth 
were detected using three-angled periapical radiography 
(6 teeth in the mesially angled position, 13 teeth in the 
direct-angle position, and 13 teeth in the distally angled 
position). 

Both CBCT scans and periapical radiographs showed 
high specificity for detecting the root perforations of obtu- 
rated root canals. Periapical radiographs revealed higher 
sensitivity even though the difference was not significant. 
In the teeth without obturation, although both the images 
showed high specificity, CBCT demonstrated higher sen- 
sitivity with a significant difference (P<0.05) (Table 2). 

In the obturated root canals, three-angled periapical radio- 
graphy detected 11 perforations out of 12 (5 teeth in the 
mesially angled position, 9 teeth in the direct-angle posi- 
tion, and 8 teeth in the distally angled position). In the non- 
obturated root canals, three-angled periapical radiography 
detected 6 perforations out of 12(1 tooth in the mesially 
angled position, 4 teeth in the direct-angle position, and 5 



Table 1 . Overall diagnostic performance of cone-beam computed tomography (CBCT) scans and periapical radiographs in the detection of 
root perforations 

Sensitivity Specificity Positive predictive Negative predictive Positive likelihood Negative likelihood 
Imaging (%) (%) value (%) value (%) ratio (%) ratio (%) 

(CI 95%) (CI 95%) (CI 95%) (CI 95%) (CI 95%) (CI 95%) 



Periapical radiographs 71 (58-84) 98(94-100) 97(92-100) 77(66-88) 34(4.85-238.49) 30(19-46) 

CBCT 85(75-95) 98(94-100) 98(93-100) 87(78-96) 41(5.87-286.16) 15(8-30) 
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Table 2. Diagnostic performance of cone-beam computed tomography (CBCT) scans and periapical radiographs in detecting root canal 
perforation with and without obturation 





Imaging 


Sensitivity 

(%) 
(CI 95%) 


Specificity 

(%) 
(CI 95%) 


Positive 
predictive 
value (%) 
(CI 95%) 


Negative 
predictive 
value (%) 
(CI 95%) 


Positive 
likelihood 
ratio (%) 
(CI 95%) 


Negative 
likelihood 
ratio (%) 
(CI 95%) 


Obturated 
root canals 


Periapical 
radiographs 

CBCT 


92 
(81-100) 

79 
(63-95) 


100 
(100-100) 

96 
(88-100) 


100 
(100-100) 

95 
(85-100) 


92 
(82-100) 

82 
(68-96) 


12 

(1.69-85.19) 

19 

(2.76-130.86) 


8 

(2-13) 

22 
(10-48) 


Non-obturated 
root canals 


Periapical 
radiographs 

CBCT 


50 
(30-70) 

92 
(81-100) 


96 
(88-100) 

100 
(100-100) 


92 
(78-100) 

100 
(100-100) 


66 
(50-81) 

92 
(82-100) 


12 

(1.69-85.19) 
12 

(1.69-85.19) 


52 
(33-79) 

8 

(2-31) 



teeth in the distally angled position). 

Regarding the overall agreement among the observers, 
the k value was 0.831 ±0.081 in CBCT and 0.775+0.095 
in the periapical radiographs, respectively. 

Discussion 

The results of the current in vitro experiment showed 
that periapical radiographs were better able to detect root 
perforations in obturated root canals than CBCT scans. 
This could be attributed to the streak artifacts on CBCT 
due to radiopaque substances. In Hassan et al/ the presence 
of a root canal filling reduced the specificity of CBCT scans 
in diagnosing vertical root fractures. In other studies,'^'*'* 
the beam hardening effect of canal filling substances with 
a high density led to incorrect reading of the CBCT scans. 
This could be attributed to the low-energy photons affect- 
ing the perforation detection. 

In Shemesh et al,^ the CBCT scans showed a higher accu- 
racy than periapical radiographs in detecting perforations. 
This difference between their report and our study could 
partly be explained by the differences in perforation size 
and location, and in CBCT devices. In their study, a No. 
30 K-file was used to perforate the root apex; therefore, 
the size and shape of the perforation and the penetration 
of the filling substance into the perforation location would 
be different from those of our study. Also, a further study 
using various CBCT machines needs to be performed. 

The results of periapical radiography in obturated root 
canals showed that one-angle radiography detected up to 
75% of the perforations and three-angled radiography in- 
creased the detection to 92%. Among the angles, direct- 
angle radiography was the best. 

In Shemesh et al^ and Regan et al,'^ the detection of per- 



forations and other lesions was easier when using radio- 
graphy with different angles as compared to one-angle 
radiography. Also, the insertion of radiopaque substances 
such as calcium hydroxide and barium sulfide into canals 
improved the radiographic diagnosis.^ Therefore, the use 
of radiopaque filling substances and three different angles, 
and the presence of streak artifacts in CBCT scans may 
have led to the better diagnostic results of periapical radio- 
graphy relative to CBCT in this study. 

In the mesial canals with no obturation, periapical radio- 
graphs revealed significantly lower accuracy than CBCT 
scans in detecting perforations. Only 50% of the perfora- 
tions could be detected on the periapical radiographs, and 
this might be attributed to the two-dimensional images and 
overlapping anatomic structures, as reported in several 
studies.''''* Since CBCT scans provide three-dimensional 
and reconstruction images in the sagittal, axial, and coro- 
nal planes, they are more accurate than periapical radio- 
graphs in detecting the perforations in root canals with no 
root-filling material. In Bernardes et al,'^ CBCT scans 
were also significantly better than three-angled periapical 
radiographs in detecting the defects caused by burs in 
teeth, as in our study. This study also indicated that the 
overall sensitivity of CBCT scans in detecting the perfora- 
tions in non-obturated root canals was higher than that of 
periapical radiographs. In particular, considering the signi- 
ficantly lower accuracy of periapical radiographs than that 
of CBCT scans in detecting perforations of non-obturated 
canals (P<0.05), CBCT scans were regarded as more accu- 
rate imaging for detecting perforations. 

This study revealed that CBCT scanning is a more sensi- 
tive technique than periapical radiography, considering 
the low negative likelihood ratio of CBCT even though 
the positive likelihood ratio was high for both these tech- 
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niques. This result might be attributed to the lower sensi- 
tivity of periapical radiographs in detecting the perfora- 
tions of the roots without obturation. 

A major drawback of CBCT is its relatively high radia- 
tion dose as compared to that required by conventional 
radiography. By reducing the scanned volume, we can 
decrease this radiation dose. 
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